Objective: To review the relative efficacy of intermittent pneumatic compression (IPC) and graduated compression stockings (GCS) stated in direct clinical comparisons. Summary Background Data: Both IPC and GCS are recommended for deep vein thrombosis (DVT) prophylaxis in surgical patients. Although both are known to be effective, guidance is less clear on the clinical grounds for choosing between the 2 devices. Methods: Major medical databases were searched for trial reports published between January 1970 and August 2008. All trials comprising a direct clinical comparison between IPC and GCS were reviewed. Results: Ten direct comparisons were found, 9 of which were with surgical patients. The difference in DVT outcome only reached statistic significance in 3, all of which showed IPC to have the lower DVT rate. Five of the trials that did not produce statistic significance included fewer than 40 patients in each study group. The crude cumulated DVT rate for all the trials was 5.9% for GCS and 2.8% for IPC. Conclusion: There is only weak evidence to show a difference in performance between the devices, however, given the many influential factors, caution should be taken in assuming equivalence.
I ntermittent pneumatic compression (IPC) and graduated compression stockings (GCS) are the 2 predominant mechanical methods of deep vein thrombosis (DVT) prevention. While published guidelines will often place both in the same category of "mechanical prophylaxis," or else offer one as an alternative to the other, they have quite different methods of action. Intermittent pneumatic compression actively empties the deep veins of the limb in a predetermined cycle of pressure, producing a pulse of blood that travels proximally, preventing stasis. 1 Graduated compression stockings apply a constant pressure to the limb, with the aim of maintaining a reduced venous caliber, and preventing the static accumulation of blood. 2 Each also has different practical properties and financial implications. Intermittent pneumatic compression cuffs are normally wrapped around the limb, secured by Velcro, and attached with tubes to an electric pump. The garments will, to some extent, allow application to a range of limb sizes and shapes, and the applied pressure is regulated by the pump. Stockings may come in a range of 12 or more sizes, and the limb has to be measured accurately to prevent incorrect pressure gradients, which may increase DVT risk. 3 However, GCS do not require attachment to any device, and allow the patient greater freedom.
If an informed choice is to be made between IPC and GCS, then it is sensible first to determine the relative clinical efficacy in preventing DVT. Randomized controlled trials are available for both, though have been rare in recent years, as it is considered unethical to withhold prophylaxis from known high-risk groups. These can be meta-analyzed to give separate overall DVT incidences. Recent studies of this type have shown similar risk reduction rates for both types of prophylaxis (51% GCS, 56% IPC ͓without foot compression͔ 4 ; 66% GCS, 66% IPC ͓without foot compres-sion͔ 5 ). A weakness with the approach is that the rarity of modern controlled trials weights the meta-analysis in favor of older research, which may use compression equipment that is now obsolete. When intermittent compression was initially developed some systems used cuffs with large bladders that yielded slow inflation rates and cycles. Furthermore, any meta-analysis of this type has to consider the sheer variety of clinical situations where mechanical compression has been tested, including patient type and management, user training, compression regimen, and diagnostic method. All of these factors may affect overall reported DVT rates. The heterogeneity of the available data combined with the preference for IPC in high-risk surgery, particularly orthopedic surgery, where DVT rates will always be higher, could lead to uncertainty in the interpretation of general meta-analyses.
The advantage of direct comparison of GCS and IPC in a clinical trial is clearly that protocols and patients will be similar in the groups, and the reported rates should reflect relative prophylactic value in that clinical modality. The purpose of this systematic review, therefore, was to evaluate all available direct comparisons between these devices to assess any differences in their efficacy.
METHODS
The MEDLINE, EMBASE, AMED (Allied and Complimentary Medicine Database), and CINAHL (Cumulative Index to Nursing and Allied Health Literature) databases were searched from 1970 to August 2008 for papers relating to the use of both IPC and GCS in DVT prevention. The textwords "(intermittent OR pneumatic) AND compression," "foot pump," "flowtron," "SCD," "impulse compression," "pneumatic stockings," and "compression pump" were used to search for IPC. The search term "stockings" was used for GCS, and "DVT," "thrombosis," "thromboembolism," "embolism," and "venous" for DVT prevention. The relevance of references was determined by the abstract, or where no abstract was available by obtaining the full article, if indicated by the title.
All references given by included articles were investigated for further possible reports, and the Science Citation Index (Philadelphia, PA) was searched for possible relevant articles that cited those articles already selected.
RESULTS
Ten reports of the comparison of IPC and GCS were found in the literature. 6 -15 Table 1 contains a summary of the features of each of these reports. An article by Borow et al 16 was excluded as it appeared to be a preliminary report of data contained in a subsequent publication 8 that was included. The trial of Ferree et al 17 used GCS in the first study group, and a "combination" of IPC and GCS in the second study group. Although the article is unclear, a personal communication from Ferree indicates that IPC and GCS were worn simultaneously, and therefore the work was excluded from this review.
The stockings used in the trials all applied graduated pressure, but the length of the garment was only specified in 3 of the reports (2 calf-length, 7,8 and 1 thigh-length 9 ). Two of the IPC systems used were thigh-length graded sequential, 9, 12 and 2 calf-length rapid graded sequential. 14, 15 The remaining system designs were not specified, but one was calf length, 8 and another graded sequential. 10 The trials were all surgical, except for one in unstable angina pectoris. 7 The DVT detection method in the earlier trials was 125 I-fibrinogen scanning, and later a mixture of venography, duplex ultrasound, and other methods. One trial used low molecular weight heparin concomitantly, 15 another aspirin, 14 and another gave aspirin and a structured postoperative exercise regimen to all patients. 13 The treatment protocols of the trials differed significantly. The earlier trials tended to use GCS throughout treatment, 7 or presurgery, continuing until ambulation. 8, 9, 11, 12 Three later trials chose only to use the garment postoperatively, continuing until discharge. [13] [14] [15] The pattern for IPC was the same except in 1 case where it was used only during surgery 9 with GCS pre and postoperatively, and 2 others where its use was limited to 48 hours, 12 or 10 days. 16 In 1 report the protocol was unclear. 10 Five of the trials disclosed financial support from commercial sources. Two received funding from the Kendall Corporation, 9, 10 which also manufactured both the IPC and GCS devices that were used. One received funding from Jobst Institute Inc, 11 which also manufactured the GCS that were used, and has produced IPC systems, though the device is not specified in the report. Two received funding from Aircast Incorporated, 14, 15 which also supplied the IPC systems.
Intermittent pneumatic compression produced the lower DVT rate in 7 of the trials, and GCS in 3. However, in only 3 cases was it determined that the difference reached statistical significance, and in each of these IPC had the lower rate. The quoted statistical significance of the difference between the IPC and GCS patients is given the final column of the Table 1 . In only 1 case was the actual "P" value given, 7 and in 4 cases it was simply stated that the difference was not significant. The trial of Borow and Goldson 8 compared several methods of DVT prevention that were all significantly better than control, but no specific statistic comparison was made between the IPC and GCS groups.
The studies were too heterogeneous in their methodology and quality for meaningful overall analysis, but if the results are accu- 
DISCUSSION
Although mechanical compression has been recommended recently by a number of published guidelines for DVT prevention, 4, 18, 19 the results of this review demonstrate that too little direct research has been undertaken into the relative efficacies of the different types. The 10 papers that were found display considerable variation in the type of stocking, IPC, patient group, DVT detection method, and prophylaxis protocol. Although intrastudy comparisons between GCS and IPC remain valid, interstudy comparisons are rendered speculative by this variability. A formal meta-analysis of these data is therefore of little value, particularly as only one study 13 would account for the great majority of the data.
Aside from its far greater size that trial 13 also stands out from the others because its reported DVT incidences (0.8% GCS, 1.3% IPC) are extremely low. The expected DVT rate in orthopedic patients without prophylaxis might be 50% or greater. 18 A further difference is that all patients received another type of mechanical prophylaxis concomitant with the GCS or IPC. Passive exercise was used during surgery, and active exercise was initiated for 2 minutes sessions at 15 minute intervals in the immediate postoperative period. Thereafter walking began on the first or second postoperative day, and other exercises were encouraged. The lower DVT rate which produced the greater sucess of this trial might be attributable to the method of detection, but it is also plausible that the exercise regimes made a contribution. Plantar and dorsiflexions are established to have significant hemodynamic effects. 1 Because the possible clinical effects cannot be distinguished from those of IPC or GCS in the trial, there is no certainty that the hemodynamic effects of IPC or GCS in this particular trial were making a contribution to the clinical outcome.
It is difficult to be certain whether any overall conclusion is justified from the study of these trials. The overall trend and the cumulated rates seem to favor IPC. However, this disguises the reality that the majority of the studies showed no statistically significant difference between the study groups. In 5 of those cases this was likely due to low patient numbers and statistical power. 7,9 -12 The reason for the underperformance of GCS in the 3 trials 6, 14, 15 where statistical significance was found, and in the overall trend, is unknown. It may simply be that the passive prevention of venous distension applied by GCS is not as physiologically effective as active venous compression. However, it may also be that too few of the GCS in these specific trials were applied correctly. It is established that incorrect garment sizing, application of the stocking, atypical limb shape, and other factors lead to up to 50% of GCS applying a reverse gradient; ie, the pressure is greatest proximally. This has been linked to higher DVT incidence. 3 Although IPC devices regulate pressure, it has also been shown that compliance with IPC can be low. 20 It is impossible to know, given the published evidence, what proportion of the subject patients in these trials has "ideal" application of the method, however, it is worth considering than control of their use is likely to have been better in the trials that in normal clinical situations.
A note of concern is that 2 of the trials where statistically significant differences were found between GCS and IPC were sponsored by a company that only manufactures IPC. 14, 15 The 3 trials sponsored by companies that produced both devices 9 -11 were unable to find a statistically significant difference, and appear to be statistically low-powered.
If the comparative evidence is limited, a cautious approach to mechanical prophylaxis might be to apply both IPC and GCS simultaneously. One influential clinical trial, 21 showed the combi-nation to be more effective than IPC alone. Another found no additional advantage, 22 though IPC performed poorly anyway in that instance. A recent trial with foot compression came to the same conclusion. 23 The plausible mechanisms for GCS efficacy are increasing venous velocity by reducing vessel diameter, thereby preventing stasis, and prevention of venous pooling by limiting venous distension. Intermittent pneumatic compression will achieve both these objectives by periodically emptying the deep veins of the limb. The physiologic justification for combined use is not obvious. Indeed, GCS may limit IPC hemodynamic performance by preventing full filling of veins, 24 or at best have little effect. 25 The clinical situation where a combination would be effective is where IPC is halted for significant periods. GCS would then act as "back up" prophylaxis. However, an effective protocol for IPC should only tolerate stoppage during ambulation.
Some published guidelines and reviews could be interpreted as implying that GCS and IPC are equivalent in efficacy. 4, 5 These analyses have been made on the basis of indirect comparisons. The direct comparisons analyzed here provide only weak evidence to show that one device is better than another. However, insufficient evidence that one is more effective does not imply strong evidence of equivalency.
